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Abstract
The action of humic acid preparations obtained from straw or peal fermented under controlled
conditions on mineral elements contents, área and dimensions of leaves, and ultrastructure of
chloroplasts of Lolium perenne L. plants was studied. The naturally fermented organic materials
were the source of most effective humic acid preparations. Quantitative transmission electrón micro-
scopy indicated that the treatment of Lolium plants with humic acid from peal incubated without
additives induced the most important increase of photosynthetic structures.
Humic substances affect plant metabolism (Kononova 1966, Schnitzer 1967): they supply growth
factors and increase the absorption of essential elements (Ortega et al. 1968, 1979, Levesque 1970,
O'Donnell 1973, Fortun and Polo 1982). Unfortunately, their use has been severely restricted
because of the scarcity of humic substances-containing materials. Consequently, many attempts
have been carried out in order to develop a better utilization of any residue of organic materials
(Simón-Silvestre 1981, Fortun 1984). One of the main problems is indeed the nature of the initial
residue, since the characteristics of the final product obtained depend upon it.
The humic acids obtained from fermented straw are less resistant to microbial attack than
those from the soil, ¡.e., the new compounds are more reactive than the oíd ones (Sauerbeck 1968).
These humic acids represent an unstable and complex group of organic compounds (Sotáková
1981), while straw produces stable humic compounds in the presence of nitrogen (Simón-Silvestre
1981). This stabilization is obtained within 180 to 350 d under controlled conditions (Sotáková
1981).
In this paper we have used new (straw) and oíd (peat) material fermented with nitrogenous
materials under controlled conditions. We have determined their efTects on the chloroplast
structure and leaf surface of ryegrass leaves as well as on micro- and macro-nutrient contents
of the whole plant.
MATERIAL AND METHODS
Humic acids: Straw from wheat was incubated for two months at 30 °C and 65% relative humidity.
The treatments were 2.3% of NH4NO3 and a mixture of 5.7% of (NH4)2SO4 and 5.7% of CaCO3.
Received25 July 1984.
Abbreviations: HS and HP — humic acid obtained from original straw and peat; HIS and
HIP — humic acid obtained from incubated straw and peat (without additives); HISNO~
and HIPNO3 — humic acid obtained with straw and peat incubated with NH4NO3;
HIScor+soí and HIPCO=+NO~ ~ humic acid obtained from straw and peat incubated
with a mixture of fertilizers; T — nutrient solution without humic acids.
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Acid peat from a superficial horizon from Vivero (Lugo) was incubated at 28 °C and 70%
relative humidity for 31 d as recommended by Molinero and Polo (personal communication).
The treatments were NH4NO3 until a ratio C/N = 15 was reached, and a mixture of NH4NO3
and CaCO3 until pH = 7 and C/N =15 were obtained.
The humic acids were obtained by treatments with 0.1 M sodium pyrophosphate and 0.1 M
sodium hydroxide in a nitrogen atmosphere. The pH of the solution was brought to 1 with HC1
and the precipitated humic polymers were sedimented by ultracentrifugation, dialyzed and
lyophilized.
Plants: The experiments were carried out in a greenhouse under controlled conditions. 1 g rye-
grass (Loliiim perenne L.) seeds were allowed to germinate in each flower pot. Normal nutrient
solutions according to Hoagland and Sneider were added (Hewitt 1952). After germination,
100 mg kg~1 humic acid of various origin were added. Each treatment was done in quadruplicate.
The concentrations of the nutrient solutions and the humic acids were constantly regulated.
Plants were cultivated for 28 d.
Determinations of nutrients: The dry masses of roots and shoots along with the macro- and
micro-nutrients were determined. The techniques utilized were: microkjehldahl for nitrogen,
autoanalytical colorimetry for phosphorus, flame spectrophotometry for potassium and calcium,
and atomic absorption for magnesium, ¡ron, manganese and zinc.
Electron microscopy: Leaf segments were flxed in buffered 3.25% glutaraldehyde (pH 7.1), post-
fixed in buffered 1% OsO4 (pH 7.1), dehydrated in ethanol series, and embedded in Spurr (1969)
resin. Ultrathin sections were obtained with an Ultracut E (Reichert) ultratome and post-stained
with lead citrate (Reynolds 1963). The sections were observed and photographed with a Philips
EM 300 electrón microscope.
Image analysis was accomplished with a Mop-Videoplan (Kontron) semiautomatic image analyser.
From the external morphology of the leaf, the length, breadth, and área were measured. From
microphotographs of ultrathin sections several chloroplast parameters have been determined:
área, number and width of grana, number of plastoglobuli and starch grains, etc.
Aeknowledgements: The authors wish to thank A. Molinero and G. Almendros for providing
the materials for the humic acids used in this study.
\S AND DI^CUSSION
Plants treated with humic acids obtained from straw incubated with NOJ or with a mixture
of fertilizers showed the same contents of macronutrients as the controls (Table 1), while plants
treated with humic acids obtained from peat exhibited reduced contents of macronutrients in
roots and shoots. On the other hand, the total contení of micronutrients was higher in plants
treated with humic acids from peat.
The higher concentration of macronutrients in plants treated with humic acids from straw
than from peat could be interpreíed by an induced increase in the permeability of roots cells.
The toíal dry matter was increased by all humic acid treatments except for the HIS treatment
(non-significant increase) and HS treatmení (significant decline). The inactivity of the HIS prepa-
ration may be explained by the insufficient fermentation of naíural straw.
The HIS and HIP treatments increased the áreas of leaves as expected from the analysis of
macro- and micro-nutrients (Table 2). The HP and HIP treaíments were only significantly dif-
ferent (P < 0.05) when all the three leaf parameters were simultaneously taken into account.
Therefore these treatments were selected for the corresponding electrón microscopio study.
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Table 1
Contents of macronutrients (sum of N, P, K, Ca, Mg and Na) and micronutrients (sum of Fe, Mn and Zn) and dry matter of shoots, roots and
total plañís of rycgrass trealed with humic acid preparations (for abbreviations see p. 294.
Treatment Total macronutrienl [%]
shoot roots total
Total micronutrient [mg kg ]
shoot rools total
Dry matter [g]
shoot roots total
T (control) •••'>
"\S
HIS
HISNO~
HISCO=+SO =
HP
HIP
HIPNO~
""COa + NO3
LSD (5%)
10.8
11.5
10.9
11.1
10.9
10.2
10.4
10.7
9.8
0.3
5.2
5.3
4.2
4.8
4.9
4.1
4.3
4.6
3.6
0.3
16.0
1 16.8
. i 15.1
15.9
15.8
14.3
14.7
15.3
13.4
0.5
260
510
2 6 0 • • ,
320 .'
270
720
480
470
250
110
1910
1730
1390
1940
1500
2760
2450
2960
1480
305
2170
2240
1650
2260
1770
3480
2930
3430
1730
340
1.5
1.4
1.7
1.7
1.7
1.8
1.9
1.7
1.9
0.2
0.9
0.7
0.8
1.0
1.0
1.0
0.9
0.9
0.9
0.2
2.4
2.1 • , .
2.5
2.7
2.7 ;
2.8
2.8
2.6 j
2.8 '"
0.2
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Table 2
Length, breadth and área of ryegrass leaves treated with humic acid prepara-
tions. Means of 57 determinations.
Treaíment Lengíh [cm] Breadth [cm] Área [cm ]
T (control)
HS
HIS
HISNO-
HISCO=+SO=
HP
HIP
HIPNO¡-
HIPC O=_N O -
17.5
17.3
17.8
18.0
19.0
16.7
19.7
17.0
18.2
35.6
35.0
36.7
36.6
38.7
34.0
40.0
34.6
37.7
4.8
4.9
6.2
5.3
5.6
4.7
6.7
5.4
5.8
LSD (5%) 2.4 5.4 1.2
HP and HIP íreatments induced differences in the general structure of the chloroplasts, mainiy
in their size, number of grana per nm2 of the chloroplast, stacking degree, and starch and plasto-
globuli contents (Table 3).
The HP treated plants had smaller leaf área, smaller chloroplast área, lower number of grana
per chloroplast and lowerdensityofplastoglobuli than the HIP treated ones. The part of the chloro-
plast área occupied by plastoglobuli was greater in HP than HIP due to the large increase ¡n
their size.
The HIP treatment stimulated the development of the photosynthetic structures, with the
exception of the average width of grana (258 nm for HP and 191 nm for HIP treatment). The
frequency distribution of the widths of the grana (Fig. 1) was rather difterent for the HP- and
HIP-treatments: the distribution was broader in the HP than HIP samples (HP: about 20% of the
grana between 350 and 525 nm; giant grana of 500—700 nm also present). The appearance of
giant grana in the HP treatment may be interpreted as a cellular response in order to maintain
Table 3
Quantification of some chloroplast parameters from plants treated with humic acid preparations
from peat (HP) or peat incubated without additives (HIP).
Parameter HP HIP P<
Área of chloroplast [nm2]
Density of plastoglobuli [um~2]
Density of starch grains [um~2]
Relative área of plastoglobuli [% of total]
Relative área of starch grains [% of total]
Number of grana per chloroplast
Width of grana [nm]
7.68
0.81
0.19
1.52
2.80
22.6
258.0
9.44
1.27
0.15
0.53
1.26
34.7
191.0
0.05
0.05
0.05
0.01
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the photosynthetic efficiency in chloroplasts with diminished density of grana. In agreement
with this interpretation, large grana were observed in plants under low illuminance (Lichtenthaler
etal. 1982).
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Fig. 1. Relative frequency distribution of grana width
measured for the HP and HIP treated samples. The
grana have been measured in at least 30 chloroplasts.
175 350 525
GRANA WIDTH tnm]
However, a high degree of stacking is not always correlated with a good functioning of the
photosynthetic structures, especially of the Photosystem 2 (PS 2); as in certain mutants with
impaired PS 2 activity giant grana have been observed (Popov et al. 1981). The stacking of the
photosynthetic membranes appears to be a prerequisite, but other conditions are also needed
for the PS 2 activity (Popov et al. 1977). For a good performance of PS 2, the maintainance of the
Kmt valué in the range of normal valúes for the studied specíes is also necessary (Kmt — particle
number in PF-face/particle number in EF-face). PF and EF are fracture faces according to the
nomenclature of Branton (1975). Probably the high Fe contents (630 mg kg~ 1 ) of the HP treated
ryegrass leaves stimulate the stacking degree of the grana but not the normal development of the
thylakoid substructure. The Fe contení in these leaves is greater than that (400 mg kg"1) usually
found in young leaves (Benton 1972).
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